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Abstract 
Renovation with prefabricated modular panels is one way to achieve high energy efficiency and quality both in production and 
installation processes. The 5-storey building, which is being fully renovated in Tallinn, Estonia, will be insulated with prefabricated 
modular renovation elements. The hygrothermal performance of the envelope was evaluated with calibrated dynamic hygrothermal 
simulations and with a mould index model, where calculation results were in good agreement with measured data and are therefore 
reliable for further research. The calculations were made to evaluate the hygrothermal risks in the building envelope and after the 
prefabricated modular elements were installed. The focus was on studying concrete wall’s dry-out capability and the use of vapor 
barrier. The initial moisture content of the concrete wall and a right choice of air&vapor barrier layer has considerable impact on 
the entire envelope performance. As a result of this study, we claim that the risk of mould growth in this structure can be minimized, 
when the initial moisture content (IMC) of the existing concrete large panel element is w≤55 kg/m3 and PE-foil as air&vapor barrier 
is used or when IMC is w≤75 kg/m3 and the oriented strand board (OSB) as vapor control layer or when IMC is w≤110 kg/m3 and 
smart vapor retarder (0.2 m<Sd <5 m) on the mounted modular element as vapor control layer is used, in combination with the 
prefabricated modular element’s insulation, with high thermal resistance and vapor permeability  (thermal resistance R≥7.5 m2∙K/W; 
equivalent air layer thickness Sd≤0.5 m), and wind barrier (R≥0.8 m2∙K/W; Sd≤0.05 m) layers. In the renovation of prefabricated 
concrete large panel buildings, it is possible to achieve good results and build sustainable solutions according to up -to-date 
requirements of nZEB in a cold and humid climate. 
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1. Introduction 
A decrease in heat losses of buildings is an obligatory demand for highly insulated and nearly Zero Energy  
Buildings (nZEB). With reference to EU energy performance of buildings directive (2010/31/EU) and agreements on 
the worldwide level, we are looking for at least a 20% reduction of energy use compared to previous decades. These 
expectations are driven by means of optimization of resources use, energy and time, as well as clean and healthy 
environment. The energy efficiency and whole improvement of condition of residential buildings has been receiving  
more attention as more than 70% of them are over 30 years old and about 35% are more than 50 years old  [1]. In 
Estonia about 65% of people live in apartment buildings. The designed service life of this type of buildings is 50 years, 
which is almost over for formerly constructed buildings . Research of current technical conditions of Estonian old 
concrete element housing stock refers to satisfactory conditions in terms of load-bearing, but highlights insufficient 
energy performance, indoor climate and hygrothermal performance of the building envelope [2]. 
Designers, developers and owners are in search of innovative ways to minimize operating costs and environmental 
impact of buildings, while also increasing their functionality. Feasibility of these measures is still under discussion in 
order to find better solutions with lower investments [3–5]. Using prefabricated modular insulation elements when 
renovating buildings is one possible way to standardize and industrialize manufacturing processes and increase the 
quality [6]. Kalamees et al. [7] showed that modular insulation panels should decrease the thermal transmittance of 
walls to Uwall=0.11-0.47 W/(m2·K) depending on the climate and national requirements in European countries. 
However, designing highly insulated building envelopes is a demanding process where hygrothermal performance 
plays a critical role in order to reach sustainable outcomes. Many authors have pointed out that decreasing thermal 
transmittance of the building envelope could increase mould risk in highly insulated buildings [8–11]. Gullbrekken et 
al. [12] concluded that the risk for mould growth increases somewhat, but that in general, this can be prevented by 
making right choices when selecting materials and constructions. Nevertheless, the negative effect of a longer drying 
period of built-in moisture has a more pronounced effect than that of the colder outer parts of the wall. Longer 
constructional moisture dry-out period and obstacles of its capability weaken the whole building envelope 
hygrothermal condition. Therefore, it is necessary to pay special attention to the hygrothermal performance and 
moisture safety of the design and building processes of highly insulated buildings . 
The aim of this study is to analyze the hygrothermal performance of the building envelope, made of concrete large 
panels and additionally insulated with prefabricated modular elements in Estonia. Purpose of this study is to provide 
input to further process of the hygrothermal design of nZEB and the renovation of prefabricated concrete large panel 
multi-storey buildings. 
 
2. Methods 
2.1. Description of the constructions 
The building type studied in this research is a 5-storey apartment building, constructed from typified prefabricated 
concrete large panel elements (Fig. 1 left). The existing concrete panel with a thickness of 250 mm consists from 2 
concrete sections and insulation layers: 60 mm external reinforced concrete slab + 70 mm wood-chip insulation layer 
+ 50 mm phenolic foam insulation layer + 70 mm internal reinforced concrete slab. Typical height of panels is 
2700_mm and the width varies depending on the dimensions of rooms. The external side of the panels is covered with  
gritstone, the interior side of the panels is caulk and finished with paint or wallpaper. The thermal transmittance of 
existing wall is U=0.9-1.0 W/(m2∙K). 
It is intended to perform a full renovation of a building as an Estonian pilot in EU funded project of developed and 
advanced prefabrication of innovative, multifunctional building envelope elements for modular retrofitting and 
connections (MORE-CONNECT) [6]. In the pilot project, the building envelope will be insulated and rendered with  
the help of prefabricated modular renovation elements  (Fig. 1, pos.B). The total thickness of modular element in the 
current project is 340-380 mm, depending on the surface flatness of the existing wall. To fill the unevenness and 
roughness of the existing surface, 10-50 mm light mineral wool as filling layer is intended to be added onto the inner 
side of the modular element (Fig. 1, pos.7). The timber-frame structure is filled with 265 mm mineral wool (Fig. 1, 
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pos.4 and pos.5) in two layers (with insulation thermal resistance R≥7.5 m2∙K/W and equivalent air layer thickness 
Sd≤0.5 m) and covered with 30 mm dense mineral wool wind barrier (R≥0.8 m2∙K/W; Sd≤0.05 m). The 25 mm 
ventilated airgap (Fig. 1, pos.3) is covered with 8 mm finishing hardboard, which also provides a firm rain screen to 
the structure beneath. For protection from weather impacts during the construction process and from constructional 
moisture, the inner side of the module is designed to be protected with air&vapor barrier layer (Fig. 1, pos.6). The 
designed thermal transmittance of the external wall is Uwall=0.11 W/(m2∙K) and the airtightness of the entire building 
envelope q50=0.2-0.3 m3/(h∙m2). To avoid the thermal bridges  and minimize the impact of air leakages, smart  
connectors and innovative fixings, also sealants and polyurethane (PUR) foam will be used at critical joints. 
 
 
 
Fig. 1. Overview of the existing building before renovation (left) and solution (designed by architecture and design bureau Sirkel&Mall OÜ)      
of concrete large panel covered with prefabricated modular element  (right). 
2.2. Hygrothermal simulations 
The dynamic hygrothermal simulation program Delphin, which was developed at the Technical University of 
Dresden and has been successfully validated [13,14], was used in this study. Delphin is a simulation program for 
coupled heat, moisture and matter transport in porous building materials and it is used for different applications, e.g. 
calculation of mould growth risks with consideration of climate impacts, radiation, wind-driven rain, structure 
conditions and modelling of materials. 
The calculation model was calibrated with the help of measurement records from a previous, comparable project 
where hygrothermal data of concrete wall in points 1 and 2 (see t1&RH1 and t2&RH2 in Fig. 1 right) was collected 
for 2 years and then analyzed [15,16]. In the current study, the calculations were made in points 3, 4, 5 and 6 (see 
t3&RH3, t4&RH4, t5&RH5 and t6&RH6 in Fig. 1 right) with initiation time in November as the most critical.  
In this research a mathematical model, designed in Finland [17,18], was used for the calculation of mould growth, 
decrease and mould index (M) in changing conditions. According to this model, in the course of fluctuating humidity  
conditions, the total exposure time for response of growth of mould fungi is affected  by the time periods of high and 
low humidity conditions, as well as the humidity and temperature level. In the simulation of mould growth, it is crucial 
to know the lowest (threshold) conditions where fungal growth is possible on different materials. The time period that 
is needed for the onset of mould growth and growth intensity, is mainly dependent on water activity, temperature, 
exposure time and surface quality of the substrate. The boundary curve for the risk of mould growth in the range of 
temperature between 5 to 40°C on a wooden material can be described by a polynomial function  (see Eq.1). 
3 2
crit
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where t is temperature on the investigated material surface (°C) and RHmin represents the minimum level of relative 
humidity (RH), where mould growth is possible (varies according to the sensitivity of the material, for example 
RHmin=80% for wood or 85% for concrete). In the current study, the critical value of the mould index was set to level 
M=1 (no growth, pores are not activated) according to the mould index model to avoid the formation of mould in a  
structure. In order to compare the hygrothermal indicators and to analyze their impact, different materials have been 
used in the calculations  (see Table 1). 
 
Table 1. Properties of materials in structures studied. 
Material Thermal 
conductivity 
O, W/(m∙K) 
Moisture storage function         
w, kg/m3 
 
Water vapor 
resistance 
factor        
μ, - 
Density 
U , kg/m3 
Open 
porosity 
m3/m3 
Water 
absorption 
coefficient  
Aw, 
kg/(m2∙s0.5) RH  33% 55% 75% 83% 97% 83% 
Concrete* 1.500 38.0 53.0 78.0 86.0 134 41.0 2320 0.14 0.0200 
Wood chip insulation* 0.140 6.00 11.0 15.0 21.0 32.0 3.80 500 0.93 0.0089 
Phenolic foam insulation* 0.064 0.25 0.32 0.36 0.54 0.98 2.85 30 0.90 0.0010 
Timber (pine) 0.130 32.0 45.0 80.0 108 185 40.0 450 0.62 0.0155 
Oriented strand board (OSB) 0.130 31.0 46.0 78.0 110 183 165 646 0.40 0.0113 
Mineral wool wind barrier 0.031 0.21 0.28 0.29 0.96 3.30 1.50 104 0.90  
Mineral wool insulation 0.037 0.14 0.18 0.36 0.80 2.40 1.20 22 0.98  
Vapor barrier PE-foil 0.400      89000 980 0.001  
Smart vapor retarder            
(0.2 m<Sd<5 m) 
0.230      800 460 0.59 0.0001 
* Materials in the existing prefabricated concrete large panel element (see section A, Fig. 1 right) 
2.3. Boundary conditions 
The calculations in our previous research [16] have shown that the initial moisture content in the concrete facade 
without the wind-driven rain moisture load is w=75 kg/m3 as an average and with the impact of wind-driven rain, 
orientation and seasonable factor 137 kg/m3 as maximum, 110 kg/m3 as 90th percentile and 90 kg/m3 as an average. 
In Estonia the moisture load to wall surface, caused by wind-driven rain, is highest in south-west direction, through 
October to December and in January. Indoor climate measurements from Estonian dwellings [19–21] were used to 
determine critical indoor hygrothermal conditions. For simulations, the following conditions were used: average 
indoor temperature, which is dependent on the outdoor temperature (Fig. 2 left) and 90th percentile of indoor humidity  
of class 3, representing dwellings with high humidity load (Fig. 2 right) and high occupancy according to national 
appendix of EVS-EN 15026 [22], expressed as indoor moisture excess ∆ν (kg/m3). 
 
  
Fig. 2. Dependency of indoor temperature (left) and design value of moisture excess (right) on the outdoor temperature.  
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In the assessment of hygrothermal risks, the hourly data of the moisture reference year (MRY), critical to mould  
growth and water vapor condensation in Estonia, was applied to outdoor climate [23]. According to Estonian energy 
test reference year (TRY) the daily maximum at summer time is +19…+22o C, in winter period +3…+7oC; monthly 
average at summer time is +14…+17oC, in winter period -5…0oC and daily minimum at summer time is +8…+12o C, 
in winter period -14…-10oC [24]. 
3. Results 
The initial simulation of the structure was done in points 3, 4, 5 and 6 (see t3&RH3, t4&RH4, t5&RH5 and t6&RH6 
in Fig. 1 right). The initial moisture content of the existing concrete large element external slab was set to 
w=110_kg/m3 as the starting state. RH was observed throughout a 5-year period. Initially the solution was designed 
so that the PE-foil was used as air&vapor barrier (Fig. 1, pos.6), serving the purpose of the basic suitable solution for 
timber-frame structures in cold climate conditions [25]. The highest RH level was found on the inner surface of PE-
foil air&vapor barrier, in the location of wooden studs  (in point 4, see Fig. 1). At this location the insulation was at 
full saturation state for more than 3½ years (see Fig. 3, P4). For more than a 1-year period, 100% of RH was also 
detected on the inner surface of the PE-foil air&vapor barrier between wooden studs (see Fig. 3, P5). In the analyzed 
points 3 and 6, RH dropped in the course of 3-4 months to the level of equilibrium state and thereupon followed normal 
weather dynamics (see Fig. 3, P3 and P6). 
 
 
Fig. 3. RH in the analyzed points 3, 4, 5 and 6 with PE-foil as air&vapor barrier layer in the structure throughout 5-year period when the initial 
moisture content of the concrete large panel is w=110 kg/m3. 
As a result of the preceding calculations, analysis was continued in the most critical hygrothermal performance 
point 4 (see t4&RH4 in Fig. 1 right), on the inner surface of the PE-foil air&vapor barrier, in the location of wooden 
studs as the highest RH level in the analyzed period was observed there. In this location, the RH was calculated with  
a different air&vapor barrier and control layers and with a number of the initial moisture content levels in the external 
slab of existing concrete large element (75_kg/m3, 90 kg/m3 and 110 kg/m3) in order to replicate the different moisture 
loads and at the same time, compare moisture load impact with different air&vapor control layers. 
The lowest moisture load at the monitored point was detected in the solution without an air&vapor barrier layer 
(see Fig. 4) and the highest level was reached with the solution where the initial moisture content of concrete large 
element was set to 110 kg/m3 and a PE-foil as air&vapor barrier layer was used. As a result of this stage, it was decided 
to continue with smart vapor retarder with changing equivalent air layer thickness (0.2 m<Sd<5 m) as vapor control 
layer, instead of PE-foil. 
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Fig. 4. RH on the inner surface of the air&vapor barrier, in the location of wooden studs in point 4 with the different vapor control layers and 
different initial moisture content (MC) of concrete large element  throughout  a 5-year period. 
The analysis was continued with monitoring the RH level in the points 3, 4, 5 and 6 throughout a 2½ year period 
when smart vapor retarder with changing equivalent air layer thickness properties (0.2 m<Sd<5 m) as air&vapor 
control layer was used and the initial moisture content of the concrete large panel was w=110 kg/m3. The RH level in 
monitored points dropped after initiation relatively quickly and reached an equilibrium state in the course of 4-5 
months (see Fig. 5 left). The highest level of RH throughout the calculated period was observed in point 4. The overall 
trend of RH in point 6 was higher than in the first stage of simulations (see Fig. 3) and the lowest levels were detected 
in point 5. 
The final stage of the assessment of moisture dry-out and hygrothermal performance of the structure was conducted 
with the calculation of mould indexes in monitored points 3, 4, 5 and 6 with the mould growth and decline model 
[17,18]. To the materials in the structure was initially given the rating of “very sensitive” in  the sensitivity 
classification, which is described in the mould growth model as a class for untreated wood with lots of nutrients for 
biological growth. These calculations gave unsatisfactory results (i.e. M>1) in points 3, 4 and 5 (see Fig. 5 right). 
At the next step the sensitivity class “sensitive” was applied, which is described as class for planed wood, paper-
coated and wood-based products. In the most critical point 4 and in the point 5, the mould index exceeded the critical 
level (M>1). 
 
  
Fig. 5. RH in the analyzed points 3, 4, 5 and 6 with vapor retarder (0.2m<Sd<5m) when the initial moisture content of the concrete large panel is 
w=110 kg/m3 (left). Calculation results of mould indexes (M) with different sensitivity classes in the points 3, 4, 5 and 6 with smart vapor retarder 
(0.2m<Sd<5m) when the initial moisture content of the concrete large panel is w=110 kg/m3 (right). 
Taking into account the properties of construction and materials in the analyzed structure points, the sensitivity 
class was switched to “medium resistant”, which is the class for cement or plastic based materials and mineral fibers 
and describes the situation in monitored points most accurately. The mould index was recalculated and in the most 
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critical point 4, the result obtained was under the critical level (M<1). No noteworthy mould formation in other points 
(3, 5 and 6) was detected as a result of this calculation stage as well. 
As an alternative, the solution with oriented strand board (OSB) as a vapor retarder layer was examined instead of 
thin rolled vapor retarder. For the evaluation of this solution the RH in point 4 was observed throughout a 2½ year 
period and mould index was calculated with 22 mm OSB, when the initial moisture content of the existing concrete 
large element external slab was w=75 kg/m3 or 110 kg/m3. The calculation results indicated that with initial moisture 
content w=75_kg/m3 or 110 kg/m3 of concrete large element, the RH level in monitored point 4 dropped gradually in 
the course of 8-10 months to its equilibrium state, which was followed by a period of normal weather dynamics (see 
Fig. 6 left). 
Subsequently, the mould index M was calculated with the same conditions with mould growth sensitivity class 
“very sensitive”, following the properties of the wooden-based OSB. The results indicated that the mould index 
remained under the critical level (M<1) when the initial moisture content of the concrete slab was w≤75 kg/m3, 
meaning basically situation without wind-driven rain load. When the initial moisture content of concrete slab was 
w>75 kg/m3 then the mould index calculations gave unsatisfactory results in point 4 (i.e. M>1, see Fig. 6 right). 
Mould index was calculated also with the same conditions in point 4 with originally designed solution, where PE-
foil as air&vapor barrier layer was intended to use and the initial moisture content of the existing concrete large 
element external slab was w=75 kg/m3, 90 kg/m3 or 110 kg/m3. With the stated initial moisture content levels and with  
all mould growth model sensitivity classes, the calculated mould index exceeded the critical level to a large extent  
(M>3). Calculations of the mould index in point 4, when PE-foil as air&vapor barrier layer was used, gave satisfactory 
results (i.e. M<1) in sensitivity class “medium resistant” only in cases where the initial moisture content of the existing  
concrete large element external slab was w≤55 kg/m3. Calculations with higher sensitivity classes (“sensitive” and 
“very sensitive”) gave unsatisfactory results (i.e. M>1) in point 4, which indicates that in this type of structure, with  
PE-foil (or with similar to its vapor resistance material) it is not allowed to use untreated wood and wood- or paper-
based materials. 
Therefore, meeting the requirements of the hygrothermal performance solution was ascertained in point 4 with  
smart vapor retarder with changing equivalent air layer thickness 0.2 m<Sd<5 m when the initial moisture content of 
existing concrete large panel was w≤110 kg/m3 or with 22 mm OSB when the initial moisture content of the existing  
concrete large panel was w≤75 kg/m3 or with PE-foil when the initial moisture content of existing concrete large panel 
was w≤55 kg/m3. In all of these solutions prefabricated modular element’s  insulation thermal resistance was R≥7.5 
m2∙K/W with equivalent air layer thickness  Sd≤0.5 m and element’s insulation layers were covered with 30 mm dense 
mineral wool wind barrier (R≥0.8 m2∙K/W; Sd≤0.05 m) and firm facade boarding. 
 
 
  
Fig. 6. RH in the analyzed point 4 with OSB as vapor retarder when the initial moisture content of the concrete large panel is 75 kg/m3 or 110 
kg/m3 (left). Calculation results of mould indexes (M) with the class “very sensitive” in the point 4 with OSB as vapor retarder when the initial 
moisture content of the concrete large panel is 75 kg/m3 or 110 kg/m3 (right). 
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4. Discussion 
In the course of the analysis of the calculation results it was confirmed that both initial moisture load and the 
hygrothermal properties of the air&vapor barrier materials are determinative for hygrothermal performance, 
particularly for the level of the mould index and changes in it. The values of the RH and mould index, and consequently 
the probability of mould formation, may vary to a very high extent  in the case of walls with the same thermal 
transmittance when there are differences in initial moisture load as well as  in air, vapor and wind barrier materials,. 
Considering the fact, that it is common in cold climate that most of the year the indoor moisture load is higher than 
on the outside, the hygrothermal design of building envelopes should also consider the moisture flux that may  
penetrate into the building envelope with the direction from inside to outside and pass layers with different properties 
in the building structures  (e.g. cracks or open junctions in the internal side of the structures). In the course of this 
process, unregarded moisture may accumulate in the structure’s layers and cause higher moisture load and mould  
formation in addition to higher thermal transmittance. The calculations where PE-foil was used as an air&vapor barrier 
with high vapor resistance (see Fig. 3 and Fig. 4), showed that there is a very high risk of occurrence of humidity  
problems. Moisture volume, drying out and moving through the existing wall layers, is trapped behind the foil (see 
points t4&RH4 and t5&RH5 in Fig. 1) and RH level will stay there at the full saturation state for many years. Mould 
index calculation results  in critical point 4 (see t4&RH4 in Fig. 1) with PE-foil as air&vapor barrier layer were in 
compliance with analysis results of RH levels and confirmed that the high initial moisture content of existing concrete 
element (in this case w>55 kg/m3) will lead to extensive moisture growth. When using a vapor retarder with changing 
equivalent air layer thickness properties (e.g. 0.2 m<Sd<5 m), the risk of moisture accumulation in the structure is 
lower and the entire envelope will obtain the equilibrium moisture state in 4-5 months.  
However, it is very important to note that this  approach is true if outer layers (i.e. insulation and wind barrier) will 
not resist the moisture flow and the vapor control layer ensures the required moisture resistance. Nevertheless, 
sometimes there is an unavoidable need to consider alternatives . If the design or transportation restrictions  of factory-
made modular elements does not allow the use of thin rolled vapor retarders or rigid and a stiffening layer on modules 
is required, then OSB is a functional solution. As the calculations in this study have demonstrated, this solution has  
strict limits: during the construction works, when prefabricated modules will be installed onto the building, the initial 
moisture content of an existing construction must not exceed the limit w=75 kg/m3. According to the measurements 
and calculations [15,16], the moisture content is about 75 kg/m3 in existing, previously constructed and in good 
condition concrete elements only in the dry (not rainy) summer-time period. In the Estonian humid and cold climate 
conditions, starting from September and lasting until the end of April, the average moisture content in concrete 
elements is around 90-110 kg/m3. 
As preceding calculations have shown, there are big differences of hygrothermal performance and risks of failure 
when designed air&vapor barrier and/or wind barrier layers will be changed in the construction process  without 
complementary control calculations . Many authors [8,10–12] have pointed out that in highly insulated buildings , high 
thermal resistance and vapor permeability of wind barrier layer are the key components of the well-functioning highly 
insulated building envelope. Longer constructional moisture dry-out period is worsening the hygrothermal condition 
of the entire building and its envelope. On the other hand, if vapor control layer is missing, then at conjunction surfaces 
of existing and new layers mould risk is low, but the further moisture flux cannot be controlled. It is very important  
to take into account and to consider the possible building technology mistakes or cracks and open joints in existing 
structures which allows uncontrolled moisture flow to move towards to outer layers where it may cause the problems  
because of moisture excess as described above. Particularly because of unknown state of existing structures and 
primarily because of its moisture content, this is a firm suggestion to conduct the hygrothermal measurements of 
existing structures before final design decisions and construction works. 
Therefore, the evaluation of building state, presence and properties of the air and vapor barrier layer, preventing 
(or allowing) the penetration of moisture, as well as its high quality of installation, are very important on the surface 
of the existing concrete building envelopes in renovation process towards to nZEB. Based in this study, we may 
declare that the importance of that is arising if the existing structures  with relatively high moisture content are covered 
with new thick insulation and finishing layers. 
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5. Conclusions 
The hygrothermal performance of the building envelope, constructed of concrete large panels and covered with  
prefabricated modular elements in Estonia was analyzed in this research to collect data for further process of 
hygrothermal design of nZEB and renovation of prefabricated concrete large panel multi-storey buildings. 
The most important factors for the moisture dry-out are similar to the risks related to the formation of mould and 
water vapor condensate. Contrariwise to the common timber-frame wall, where the PE-foil as the air&vapor barrier 
does not cause any serious problems to the hygrothermal performance, in modular insulation panels it prevents the 
constructional moisture dry-out and causes high risk of mould formation. In other words  – an air&vapor barrier layer 
with high water vapor resistance on the surface of the moist existing structure may lead to high moisture accumulation 
between the installed air&vapor barrier and existing structures. The dry -out of initially moist concrete slabs , that have 
been insulated and covered with an air&vapor barrier layer, may take several years. The condition of existing 
structures and uncontrolled high indoor moisture excess load may cause unexpected moisture flux and increase 
humidity loads in the structure. 
A functional assembly solution is presented as a conclusion of this study (see Fig. 7). This is modified alternative 
to initially designed solution (see Fig. 1) with remarks to important details and units from a point of view of the 
hygrothermal performance. 
 
Fig. 7. Modified external wall with modular element, based on hygrothermal calculations. 
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Meeting the requirements of the hygrothermal performance of studied solutions was ascertained with smart vapor 
retarder with changing equivalent air layer thickness 0.2 m<Sd<5 m when the initial moisture content of existing  
concrete large panel was w≤110 kg/m3 or with 22 mm OSB as vapor control layer when the initial moisture content 
of the existing concrete large panel was w≤75 kg/m3 or with PE-foil as air&vapor barrier when the initial moisture 
content of existing concrete large panel was w≤55 kg/m3. 
As a result, it is possible to achieve good results and build sustainable solutions according to the up-to-date 
requirements of nZEB with prefabricated renovation modules on concrete large panel buildings renovation in cold 
and humid climate. The prerequisites there for hygrothermal performance and designing are the  preliminary  
measurements of building state, carefully considered vapor control layer, the vapor permeability of which is controlled 
by hygrothermal calculations , and insulation and wind barrier layers with high thermal resistance and vapor 
permeability.  
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